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Abstract: We make use of the current  algebra sum rules developed by Fubini and 
Furlan for pion-nucleon scattering to evaluate v--nucleus scattering lengths. 
Assuming that the pion-nucleus sigma term E can be written as a coherent sum 
of pion-nucleon sigma terms S and using experimental data we determine S for 
each reaction tested averaging 22 ± 1 MeV. With S = 22 ± 1 we calculate g - -nu-  
cleus scattering lengths and our results indicate a good agreement with experi-  
mental data. 
1. INTRODUCTION 
Di f f e r en t  e s t i m a t e s  of the pion nuc leon  s i g m a  c o m m u t a t o r  
S -i f d 4 x  e x p [ i q ,  x] {(N I "a 1 : [.4o(-~x),Afio(½X)]lN) 
"Of 1 ,~ I 
- (NIN)(0  I[Ao(-~x),Ao(-~x) ] [0)} 6(Xo) , 
where  qu is  the pion four  m o m e n t u m ,  A a is  the ax ia l  v e c t o r  c u r r e n t  (with 
an SU(3)' l abe l  a and IN} is  the nuc leon  s ta te  vec to r )  have been r e c e n t l y  
given [1-4] u s ing  m e s o n  b a r y o n  s c a t t e r i n g  length  da ta  and pion nuc leon  
phase  shif t  data.  In this  work  we r e p o r t  a new method  to d e t e r m i n e  this  
p a r a m e t e r  u s ing  v - - n u c l e u s  s c a t t e r i n g  data.  
The g - - n u c l e u s  s c a t t e r i n g  l eng th  can be ob ta ined  u s i n g  the e x t r a p o l a t i o n  
p r o g r a m  deve loped  by Fub in i  and F u r l a n  [5]. Recen t ly  the c u r r e n t  a l g e b r a  
t echn ique  developed by Fub in i  and F u r l a n  was  used  by E r i c s o n ,  F i g u r e a u  
and M o l i n a r i  [6] to eva lua t e  the g - n u c l e u s  a n t i s y m m e t r i c  s c a t t e r i n g  l eng ths ,  
the r e s u l t s  of which show an accep t ab l e  a g r e e m e n t  with e x p e r i m e n t a l  data .  
In this  pape r  we wi l l  use  the e x t r a p o l a t i o n  p r o g r a m  to ob ta in  g - - n u c l e u s  
s c a t t e r i n g  length  for  l ight  nuc le i  (A % 24). Fub in i  and F u r l a n  e x t r a p o l a t e d  
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the sof t  m e s o n  s c a t t e r i n g  a m p l i t u d e  [7, 8] in the  c o l l i n e a r  r e p r e s e n t a t i o n  to 
a p h y s i c a l  p ion  a m p l i t u d e  a t  t h r e s h o l d  a long  the e x t r a p o l a t i o n  c u r v e  
u = u 2 / M  2 , (1) 
w h e r e  u = q2 and u = p . q .  In the c o l l i n e a r  r e p r e s e n t a t i o n  we have 
qo = McX ,  Po = M e ,  (2) 
p = q  =0,  
w h e r e  pp  i s  the n u c l e u s  fou r  m o m e n t u m ,  M c i s  the m a s s  of the n u c l e u s  
1 1 
a n d x i s  a p a r a m e t e r  c a l l e d  the m a s s  v a r i a b l e .  F o r I  = 0  a n d I  = ~, I z - - ~  
n u c l e i  the 7 r - -nuc l eus  s c a t t e r i n g  l eng th  in the c a n o n i c a l  f i e ld  a l g e b r a  * is  
g iven  by 
m3 ; rmF(I=O)  (3) 
47rf2( l+ rnTr/Mc ) Rea ( '=O)  = -mTrZ + 2 - ~ c  Xo dX x(x2 _mn/Mc)2 2 ' 
47rf2( 1 + m 7r/Me) Re a (I = ½, I z = -½) 
rn 3 ~o 
2 n - ~-rn 2 - rn n Z  + - - -  f 
- - 2  Tf 77 ~/r2 -% 
X 0 
dx I m F ( ½ ,  -½) (4) 
x(x  2 - m2 /M21 ' 
7 ; -  C" 
r e  spe  c t i v e l y .  
H e r e  rn n i s  the p ion  m a s s ,  f n  i s  the d e c a y  c o n s t a n t  ** fo r  the p r o c e s s  
7r + ~ /~+u and a i s  the  s c a t t e r i n g  l eng th  in un i t s  of rn n. The i m a g i n a r y  p a r t  
of  the a m p l i t u d e  fo r  s c a t t e r i n g  an off m a s s - s h e l l  p ion on a n u c l e u s ,  I m F ,  
i s  de f ined  by 
= a 2 i m F a f l  (2n) 4 ~ ( N c  ([~+m2) 81~Ap]n)(nI([~+rnn)SuAfi~[N) 
~rn4 f 2 n 
x 6 ( 4 ) ( p + q - p n  ) - c r o s s  t e r m ,  (5) 
* Assuming PCAC, the canonical field algebra,  reduces to 
[8~A~(x),SuA~(y) 16(x o - y o  ) = 0, 
- O/ (fTr m2)-2[ 8/x.A/2, (x)SuA ~(y)] 6(x ° - yo) = 6a/36 (4)(x - y) .  
** Fo r  the pion decay constant fTr we will use the value fTr = 0.69 mTr. 
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l i m  F a 3 ( x  ) : 4~' /2 Toa/3(threshold) , 
x ~ mTr /Mc  
(6) 
w h e r e  a, fl a r e  the p i o n  SU(2) l a b e l s  and T O i s  the  D h y s i c a l  s - w a v e  p ion  n u -  
c l e u s  s c a t t e r i n g  a m p l i t u d e .  The  o i o n - n u c l e u s  s i g m a  t e r m  E in e q s .  (3) and 
(4) i s  g i v e n  by 
Z = -i  f d 4 x  e x p  [ i q .  x ] 5 ( x  o) {(N c I [Aoa(-½x),Ao~(½x)] [N c} 
- <Nc I c><01 I 0>}, (7) 
w h e r e  I Nc )  r e p r e s e n t s  the  n u c l e u s  s t a t e  v e c t o r .  
The  r e s u l t s  we  o b t a i n  in t h i s  w o r k  a r e  b a s e d  on the  f o l l o w i n g  t h r e e  a s -  
s u m p t i o n s :  1. The  p i o n - n u c l e u s  s i g m a  t e r m  can be  w r i t t e n  a s  a c o h e r e n t  
s u m  of  p ion  n u c l e o n  s i g m a  t e r m s .  2. The  i m a g i n a r y  p a r t  of  the  a m p l i t u d e  
f o r  s c a t t e r i n g  of  an o f f - m a s s - s h e l l  p ion  on a n u c l e u s  can  be  a p p r o x i m a t e d  
by the  i m a g i n a r y  p a r t  of  the  p h y s i c a l  a m p l i t u d e  n e a r  the  e l a s t i c  t h r e s h o l d .  
3. The  l o w e s t  i n e l a s t i c  t h r e s h o l d  i s  a p r o c e s s  in w h i c h  a n e u t r o n  i s  r e l e a s e d  
w i t h  a r e s i d u a l  n u c l e u s  a f t e r  s c a t t e r i n g .  In s e c t .  2 we  e l a b o r a t e  on t h e s e  a s -  
s u m p t i o n s  and u s e  t h e m  in eq .  (3) and (4) to o b t a i n  n u m e r i c a l  e s t i m a t e s  f o r  
S. F o r  the  a v e r a g e  of  the  i n d i v i d u a l  d e t e r m i n a t i o n  of  S f r o m  e a c h  r e a c t i o n  
t e s t e d  we  o b t a i n  S = 22 + 1 M e V  ( s e e  t a b l e  1 and f ig .  1), and o u r  r e s u l t s  f o r  
Re  a w i t h  S = 22 + 1 a r e  in good  a c c o r d  w i t h  e x p e r i m e n t a l  d a t a  ( s e e  t a b l e  1 
and f ig .  2). In s e c t .  3 we  d i s c u s s  o u r  r e s u l t s .  
Table  1 
F o r  each nucleus tes ted  we exhibit  the exper imenta l  va lues  of the s ca t t e r i ng  
length and the lowes t  ine las t ic  th reshold  (E +B). The values  of E/A  which 
bes t  f i ts  the expe r imen ta l  data  a re  shown. Theore t i ca l  de te rmina t ions  of 
Re a using E/A = 22 + 1 MeV a re  also l i s ted .  
Nucleus 
Exper imen ta l  r e su l t s  Theore t i ca l  
E + B Dispers ion  ~ / A  r e su l t s  










-0.293+0.011 0.059+0.005 7.36 -0 .007+0.001 0.022±0.002 -0 .325+0.010 
-0 .321±0.01  0.081±0.003 8.41 -0.007 -e 0.001 0.031±0.002 -0 .267±0.011 
-0 .380±0.009 0.090±0.009 12.01 -0 .001±0.001 0.02710.001 -0.371J=0.012 
-0 .341±0.006 0.097+0.004 16.74 -0 .009±0.002 0.026+0.001 -0 .321±0.014 
-0 .400+0.011 0.079+0.005 10.80 -0 .001+0.000 0.028+0.001 -0 .364±0.015 
-0 .440±0.011 0.114±0.008 12.89 0.001+0.000 0.027±0.001 -0 .416+0.017 
-0 .538±0.013 0.086±0.014 7.82 -0 .007±0.001 0.023+0.001 -0 .578+0.02 
-0 .663+0.013 0.050±0.009 9.59 -0 .002+0.001 0.024+0.002 -0 .683+0.021 
-0 .599±0.026 0.045+0.029 12.48 -0 .001±0.001 0.024±0.002 -0.624=e0.024 
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Fig. 1. Values of ~/A obtained for 9 <~ A ~< 24 plotted versus A. 
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Fig. 2. The experimental (~) and the theoretical values (~) of ( - R e a )  obtained 
using ~/A  = 22 =~ 1 MeV. 
2. DETERMINATION O F  THE SIGMA TERM 
In th is  s ec t ion  we wi l l  use  pion n u c l e u s  e x p e r i m e n t a l  da ta  for  Re a and 
Im a to ob ta in  n u m e r i c a l  e s t i m a t e s  for  the p i o n - n u c l e o n  s i g m a  t e r m .  A v e r -  
ag ing  these  d e t e r m i n a t i o n s  for  a l l  r e a c t i o n s  t e s t ed  we use  the r e s u l t  to c a l -  
cu la te  Re a. 
The p i o n - n u c l e u s  s i g m a  t e r m  ~ eq. (7) can  be w r i t t e n  as  a c o h e r e n t  sum 
of p i o n - n u c l e o n  s i g m a  t e r m s .  Th i s  a s s u m p t i o n  can be e a s i l y  j u s t i f i ed  on the 
b a s i s  tha t  s i nce  the m a t r i x  e l e m e n t  of the s i g m a  c o m m u t a t o r  [.4a, Aofi ] b e -  
tween nuc leon  s t a t e s  is  p r o p o r t i o n a l  to m a s s  t e r m s  * it  d i f f e r s  f r o m  be i ng  
a c o h e r e n t  sum of nuc l eon  s i g m a  t e r m s  by only the b i nd i ng  e n e r g y  of the 
p a r t i c u l a r  n u c l e u s  u n d e r  c o n s i d e r a t i o n .  F o r  n u c l e i  9 <~ A <~ 24 the a v e r a g e  
b ind ing  e n e r g y  p e r  nuc l eon  is  a p p r o x i m a t e l y  a c o n s t a n t  be ing  of the o r d e r  of 
* See ref. [4]. 
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8 MeV. Thus a plot  of E/A v e r s u s  A is  expec ted  to be a c o n s t a n t  independen t  
of A. Thus ,  in eqs.  (3) and (4) we make  the subs t i t u t i on  
:AS .  (8) 
The e x p r e s s i o n s  (3) and (4) have been  d e r i v e d  in the b a s i s  that  the lowes t  
p o s s i b l e  s ta te  c o n t r i b u t i n g  to Im F is the p i o n - n u c l e u s  s y s t e m  i tse l f .  How- 
e v e r ,  this  is  not t r ue ,  for  the s c a t t e r i n g  of a pion on a nuc l e us  has the c o m -  
plex  f ea tu r e  of hav ing  a l a rge  n u m b e r  of i n e l a s t i c  channe l s  open below 
th r e sho ld ,  for  example  
n -  + N c ( Z , A ) - ~  n + N ~ * ( Z - 1 , A - 1 ) ,  (9a) 
-~ d + N c ( Z - 2 , A - 2 ) ,  (9b) 
-~ n + p + N ' " ( Z - 2 , A - 2 ) ,  (9c) 
C"  
and so on, where  Z and A a re  the a tomic  and m a s s  n u m b e r  of the p a r e n t  
n u c l e u s  r e s p e c t i v e l y .  The a s t e r i s k  in eq. (9a) r e p r e s e n t s  an exc i ted  nuc leus .  
Thus we have to d e f o r m  the ex t r apo l a t i on  curve  eq. (1) f rom a point  on the 
r, ax is  which c o r r e s p o n d s  to the t h r e sho ld  of the lowes t  p o s s i b l e  open i n -  
e l a s t i c  channe l  on the x s ca l e  *. The d e f o r m a t i o n  we p e r f o r m  a m o u n t s  to 
a p p r o x i m a t i n g  the i m a g i n a r y  p a r t  of the ampl i tude  for  the u n p h y s i c a l  p r o -  
c e s s e s  (9a-c)  ( s ince  the pion is  off i ts  m a s s  she l l )  by the i m a g i n a r y  p a r t  of 
the ampl i tude  for  the c o r r e s p o n d i n g  p h y s i c a l  p r o c e s s  
Im F ~ 47rf 2 Im T O , (10) 
where  T o is  the p h y s i c a l  s - w a v e  s c a t t e r i n g  ampl i tude .  The a i~proximat ion 
(10) is  exac t  at t h r e s h o l d  and is  expec ted  to be good n e a r  the e l a s t i c  t h r e s h -  
old and has a l r e a d y  been  emp loyed  in our  s tudy of KN, 7rE and gA s c a t t e r i n g  
a m p l i t u d e s  [4]. We found that  such  a d e f o r m a t i o n  of the e x t r a p o l a t i o n  path 
and the a p p r o x i m a t i o n  (10) do not  ru in  a p o s s i b l e  a g r e e m e n t  with e x p e r i m e n t  
we migh t  o t h e r w i s e  ob ta in .  The e x t r a p o l a t i o n  techn ique  r e s t r i c t s  the i n t e r -  
med ia t e  s t a t e s  c o n t r i b u t i n g  to Im F to have the s a m e  b a r y o n  n u m b e r  and 
total  a n g u l a r  m o m e n t u m  as  the t a rge t ,  but  of oppos i t e  pa r i ty .  The lowes t  
laossible  i n t e r m e d i a t e  s t a te  on the x sca l e  s a t i s f y i n g  these  r e s t r i c t i o n s  
comes  f r o m  the p r o c e s s  in which  one n e u t r o n  is  knocked out  of the nuc leus .  
Some au tho r s  [9] make  the s t a t e m e n t  that  this  p r o c e s s  is  i m p r o b a b l e  even 
though the re  is  no c o n c r e t e  and c o n c l u s i v e  e x p e r i m e n t a l  ev idence  to suppor t  
th is  s t a t e m e n t .  
Koltun [10] poin ted  out that  the e x p e r i m e n t a l  r e s u l t s  on branch i r :g  ra t io  
of the p r o c e s s e s  (9a -c )  a r e  i n c o n c l u s i v e .  F o r  e x a m p l e ,  c o n s i d e r  the ~r- -ab-  
so rp t ion  by 4He. Here  we have the fo l lowing p o s s i b i l i t i e s  
* See refs. [1,4]. 
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n- + 4He ~ p + 3n, ( l l a )  
d + 2n, ( l l b )  
-~ t + n .  ( l l c )  
A m m i r a j u  and L e d e r m a n  [11] found that  the p r o c e s s  ( l l a )  i s  the d o m i n a n t  
one whi le  Schiff [12] found that  the p r o c e s s  ( l l c )  a m o u n t s  to 30%. B i z z a r i  [13] 
and Block [14] found the t r i t on  r a t io  to be 18.4% and 19.4%, r e s p e c t i v e l y .  
The t h r e s h o l d  for  p r o c e s s e s  ( l l a )  c o r r e s p o n d s  to 
M(N~) + M - M(Nc) + E 
X B = M(Nc ) ' 
B + E  
- M(Nc ) , 
(12) 
where  B is  the b ind ing  e n e r g y  of the l e a s t  bound n e u t r o n ,  E is  the l e a s t  p o s -  
s ib le  exc i t a t i on  e n e r g y  needed  to make  the n e u t r o n  and the r e s i d u a l  n u c l e u s -  
s y s t e m  has the s a m e  sp in  and of oppos i t e  p a r i t y  to the t a r g e t  n u c l e u s  N c. 
Here  M(Nc) , M(N~) and M a r e  the m a s s e s  of the t a r g e t ,  r e s i d u a l  n u c l e u s  
and the nuc l eon ,  r e s p e c t i v e l y .  The v a l u e s  of ( B + E )  for  the nuc l e i  t e s ted  a r e  
l i s t ed  in table  1. F o r  e x a m p l e ,  c o n s i d e r  the p r o c e s s  
n -  + 19F ~ n + 180* .  (13) 
Since we a r e  in a s y s t e m  in which both the pion and 19F n u c l e u s  a r e  at  r e s t ,  
1 then the spin  of the t a r g e t  n u c l e u s  is  i t s  i n t r i n s i c  spin  ~, i t s  i n t r i n s i c  p a r i t y  
is  +.  But 180 has a s p i n - 0  and pos i t i ve  pa r i t y .  Thus ,  if we e x a m i n e  the e x -  
c i t a t ion  l e v e l s  of 180 [15] we f ind that  the lowes t  p o s s i b l e  s ta te  s a t i s f y i n g  
ou r  spin  and p a r i t y  s e l e c t i o n  r u l e s  is  the g round  s ta te  if the n e u t r o n  and 
180 s y s t e m  have a r e l a t i v e  o r b i t a l  a n g u l a r  m o m e n t u m  l = 1. 
To eva lua t e  the d i s p e r s i o n  i n t e g r a l s  we have to a p p r o x i m a t e  Im T o. We 
make  two o b s e r v a t i o n s ,  the f i r s t  i s  due to E r i c s o n  and Loche r  [16] in which  
they poin ted  out  that  s i nce  I m a  << R e a  one can a p p r o x i m a t e  I m T  o by i t s  
t h r e s h o l d  value  and e x t r a p o l a t e  that  va lue  smoo th ly  below t h r e s h o l d  to the 
lowes t  i n e l a s t i c  t h r e s h o l d .  Secondly ,  c o n s i d e r  the p r o c e s s e s  eqs.  ( l l a - c )  
Koltun [10] po in ted  out  that  in a two-body b r e a k u p  as  in eq. (11c) t r i t on  has 
a un ique  e n e r g y  whi le  the e n e r g i e s  of P and d in eqs.  ( l l a - d )  a r e  d i s t r i b u t e d  
smooth ly .  Thus  the c o n t r i b u t i o n  of p r o c e s s  ( l l c )  would a p p e a r  as a s h a r p  
peak  on a b a c k g r o u n d  of p r o t o n s  and d e u t e r o n s .  Since the t h r e sho l d  of the 
p r o c e s s  ( l l c )  i s  too f a r  f r o m  the e l a s t i c  t h r e s h o l d  we expec t  it  not  to i n f l u -  
ence  Re a. Thus  we make  the a p p r o x i m a t i o n  
Im T O ~ I m a .  (14) 
However  if we e x a m i n e  our  d i s p e r s i o n  i n t e g r a l s  we see  that  the i n t e g r a n d  
for  pos i t ive  va lues  of x has  two po les  at  x = x o and x = 0. The f i r s t  pole 
does  not  give any t r oub l e  s i nce  i t s  c o n t r i b u t i o n  below and above x o cance l s .  
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The s e c o n d  po le  at  x = 0 i s  due to o u r  d i s p e r s i o n  i n t e g r a l s  b e i n g  s u b t r a c t e d  
once  at  z e r o .  But s i n c e  the l o w e r  i n t e g r a t i o n  l i m i t  x B ( t y p i c a l l y  of the o r d e r  
of  0 .025/-4 ,  w h e r e  A i s  the m a s s  n u m b e r ,  a s  c o m p a r e d  wi th  the e l a s t i c  
t h r e s h o l d  x o N 0 . 1 5 / A ) ,  i s  too c l o s e  to the p o l e ,  then th i s  would  tend to 
o v e r e s t i m a t e  the c o n t r i b u t i o n  of the d i s p e r s i o n  i n t e g r a l  to the r e a l  p a r t  of 
the s c a t t e r i n g  length .  S ince  the p r o c e s s  i s  the l o w e s t  e n e r g e t i c a l l y  p o s s i b l e  
p r o c e s s  we shou ld  have  
Im To(XB) = O. (15) 
Thus  we m a k e  the a n s a t z  
1 (x-Xo 
Im To(X ) ~ , ~ /  Ima.  (16) 
Eq. (16) has  the a d v a n t a g e  o v e r  eq. (14) in tha t  i t  e n s u r e s  the p r o p e r t y  (15) 
and i t  c o m p e n s a t e s  fo r  the e f f ec t  of the po le  x = 0. Thus ,  we a r e  in a p o s i -  
t ion to e v a l u a t e  the d i s p e r s i o n  i n t e g r a l s .  Us ing  eqs .  (3), (4),  (8) and (16) we 
ob ta in  
4nf2(X mc ) {11[ + R e a ( I = 0 ) = - A S m ~ +  - ~ -2(Xo+XB) ~ 
(x ° - XB)2 
1 1 .X - X - -  ½ 7  1 1 
/Xo-XBx2 4 x ~ 3 a r c t g  o ( ~ ) ]  4x~  (XB+Xo)21Ima (17) × a r c  t g ~ )  + + - , 
4 ~ f  2 1 +  R e a ( ~ , - ½ )  1 2 _ A S r n  + - 
= - ~ - r n  ~ (Xo _ XB)~ 
x a r c  tg o ( ~ )  ~ e + 4 x  a r c  t g (  l + 4 x  +Xo)½ \ Xo / _I - (xB Im a .  ( 1 8 )  
We a r e  h o w e v e r  i n t e r e s t e d  in e v a l u a t i n g  the p i o n - n u c l e o n  s i g m a  t e r m ,  and 
fo r  tha t  p u r p o s e  we wi l l  u se  e x p e r i m e n t a l  d a t a  fo r  Re a and Im a in eq. (17) 
and (18). Seki  [17] e v a l u a t e d  s - w a v e  ~ - - n u c l e u s  s c a t t e r i n g  l e ng th s  fo r  l igh t  
nuc l e i  (A <~ 24) u s i n g  2 p - l s  t r a n s i t i o n  e n e r g y  da ta .  He found d i f f e r e n t  v a l u e s  
fo r  the s c a t t e r i n g  l eng th s  d e p e n d i n g  on the p a r t i c u l a r  t r a n s i t i o n  d a t a  u s e d  * 
We m a d e  a s t a t i s t i c a l  a v e r a g e  of the d i f f e r e n t  v a l u e s  of the s c a t t e r i n g  l e ng th s  
r e p o r t e d .  In t ab l e  1 we show the v a l u e s  of McXB, the c o n t r i b u t i o n  of the d i s -  
p e r s i o n  i n t e g r a l  and the va lue  of the p i o n - n u c l e o n  s i g m a  t e r m  o b t a i n e d  which  
b e s t  f i t s  e a c h  r e a c t i o n  we t r i e d  (fig.  1). We found tha t  the  a v e r a g e  S of a l l  
the p i o n - n u c l e o n  s i g m a  t e r m s  o b t a i n e d  i s  
= 22 + 1 MeV, (19) 
* See ref. [17] and re ferences  cited therein.  
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and i t s  c o n t r i b u t i o n  to the  p i o n - n u c l e o n  s c a t t e r i n g  l eng th  in un i t s  of rnTr i s  
Sm 2 
i 
- 0.023 + 0.001. (20) 
Us ing  S = 22 + 1 MeV and the e x p e r i m e n t a l  v a l u e s  fo r  I m a  we c a l c u l a t e d  
R e a .  O u r  r e s u l t s  g iven  in t ab le  1 and fig. 2 a r e  in good a c c o r d  wi th  e x p e r i -  
m e n t a l  da ta .  
3. CONCLUSION 
We fee l  a t  t h i s  s t a g e  r e a d y  to d i s c u s s  b r i e f l y  the d i f f e r e n t  d e t e r m i n a t i o n s  
of S p r e s e n t e d  by o t h e r  a u t h o r s .  VonHippe l  and Kim and th i s  a u t h o r  o b -  
t a i n e d  S = 26 MeV and 30 MeV r e s p e c t i v e l y  in the c a n o n i c a l  mode l .  In the 
SU(3) ® SU(3) c h i r a l  s y m m e t r y  b r e a k i n g  m o d e l  of G e l l - M a n n ,  O a k e s  and 
R e n n e r  [18] th i s  a u t h o r  o b t a i n e d  S = 26 MeV. 
R e c e n t l y  Cheng and D a s h e n  [2] o b t a i n e d  a va lue  of S m u c h  l a r g e r  than 
r e p o r t e d  by the f i r s t  two p a p e r s  (S = 110 MeV) wh i l e  H S h l e r ,  J a c o b  and 
S t r a u b  [3] r e p o r t e d  S = 39 + 8 MeV. 
T h e r e  a p p e a r  to be c e r t a i n  a m b i g u i t i e s  in u s i n g  m e s o n  b a r y o n  d a t a  and 
Dion nuc l eon  p h a s e - s h i f t  d a t a  to d e t e r m i n e  S b e c a u s e  of the s m a l l n e s s  of 
the s c a t t e r i n g  l eng th  and the c o n t r o v e r s y  be tw e e n  d i f f e r e n t  e x p e r i m e n t a l  
d e t e r m i n a t i o n s .  F o r  the m e s o n  b a r y o n  c a s e  the  p i o n - n u c l e o n  s c a t t e r i n g  
l eng th  r e p o r t e d  by H 6 h l e r  i s  a_~ = 0.175,  a3_ = -0 .103  whi le  L o v e l a c e  r e .po r t ed  
[20] a½ = 0.196,  2 2 a~  = -0 .069 in un i t s  of  mn. Thi s  s i t u a t i o n  d e t e r i o r a t e s  when 
c o n s i d e r i n g  KN and nZ da ta .  In the  c a s e  of the p i o n - n u c l e o n  p h a s e - s h i f t  d a t a ,  
H S h l e r  p o i n t e d  out  tha t  any r e s u l t s  o b t a i n e d  u s i n g  the p h a s e - s h i f t  d a t a  d e -  
p e n d s  on the p a r t i c u l a r  d a t a  and e n e r g y  r a n g e  c o n s i d e r e d .  
The n u c l e a r  d a t a  o f f e r s  a b e t t e r ,  m o r e  c o n c r e t e  g round  s i n c e  the s c a t t e r -  
ing  l e n g t h s  a r e  l a r g e r  in va lue  and the e x p e r i m e n t a l  d e t e r m i n a t i o n s  of Re a 
and Im a a r e  m u c h  l e s s  c o n t r o v e r s i a l  than the m e s o n  b a r y o n  s c a t t e r i n g  
l e n g t h s  o r  the p h a s e - s h i f t  d e t e r m i n a t i o n s .  The a p p r o x i m a t i o n s  we m a d e  in 
e v a l u a t i n g  the d i s p e r s i o n  i n t e g r a l s  m i g h t  be q u e s t i o n e d .  H o w e v e r  o u r  e x -  
p e r i e n c e  wi th  m e s o n  b a r y o n  s c a t t e r i n g  [4] and the q u a l i t a t i v e l y  good a g r e e -  
m e n t  wi th  e x p e r i m e n t  o b t a i n e d  i n d i c a t e  tha t  such  a p p r o x i m a t i o n s  do not  i n -  
f l uence  o u r  r e s u l t s ,  e s p e c i a l l y  c o n s i d e r i n g  the s m a l l n e s s  of Im a and the 
c o n t r i b u t i o n  of the d i s p e r s i o n  i n t e g r a l .  
I t  i s  i n t e r e s t i n g  a t  t h i s  s t a g e  to s tudy  the s i g n i f i c a n c e  of S ~ 22 to the 
b r e a k i n g  of the  c h i r a l  s y m m e t r y  and s c a l e  i n v a r i a n c e ,  which  i s  a t  the p r e -  
s e n t  a s u b j e c t  of s tudy  We wi l l  r e p o r t  on soon.  
I t  i s  a p l e a s u r e  to thank  P r o f .  Yukio T o m o z a w a  fo r  s u g g e s t i n g  the p r o b -  
l e m  and u se fu l  d i s c u s s i o n s  and R. C a r r o l l  f o r  r e a d i n g  the m a n u s c r i p t .  I 
b e n e f i t t e d  a l so  f r o m  d i s c u s s i o n s  wi th  P r o f .  L. W o l f e n s t e i n .  
444 S.J.  Hakim, Pion nucleus scattering 
R E F E R E N C E S  
[1] F .VonHippe l  and J . K .  Kim, Phys .  Rev. D1 (1970) 151. 
[2] T. P. Cheng and R. Dashen ,  Phys .  Rev.  L e t t e r s  26 (1971) 594. 
[3] G. HShler ,  H. P. J acob  and R . S t r a u b ,  U n i v e r s i t i e s  of B ie le fe ld  and K a r l s r u h e ,  
p r e p r i n t  (1971). 
[4] Shafik J .  Hakim,  U n i v e r s i t y  of Michigan  p r e p r i n t  71-21 (1971). 
[5] F. Fub in i  and G. F u r l a n ,  Ann. of Phys .  48 (1968) 322; 
V. DeAl fa ro  and C. R o s s e t t i ,  Nuovo Cimento  Suppl. 6 (1968) 515. 
[6] M. E r i c s o n ,  A. F i g u r e a u  and A. Mol ina r i ,  Nucl. Phys .  B10 (1969) 501. 
[7] Y. T o m o z a w a ,  Nuove C i m en t c  46 (1966) 707. 
[8] S . W e i n b e r g ,  Phys .  Rev. L e t t e r s  17 (1966) 616. 
[9] E. H. S. Burhop ,  High e n e r g y  phys i c s  (Academic  p r e s s ,  New York ,  1969) V. 3, 
p. 109. 
[10] D.S.  Koltun, Advances  in n u c l e a r  p h y s i c s ,  ed. M. B a r a n g e r  and E. Vogt 
(P l enum p r e s s ,  New York ,  1969), V. 3, p. 71. 
[11] P. A m m i r a j u  and L. M. L e d e r m a n ,  Nuovo Cimento  17 (1960) 726. 
[12] M. Schiff ,  R. H. H i ldeb rand  and C. Giese ,  Phys .  Rev.  122 (1961) 255. 
[13] R. B i z z a r i  e t  al . ,  Nuovo C imen to  33 (1964) 1497. 
[14] M. M. Block e t  al . ,  Phys .  Rev.  L e t t e r s  11 (1963) 301. 
[15] Nat ional  R e s e a r c h  Council  da ta  s h e e t s  (USA) 1957. 
[16] T . E . O .  E r i c s o n  and M. L e c h e r ,  CERN p r e p r i n t  69-30 (1969). 
[17] R .Sek i ,  Phys .  Rev.  L e t t e r s  23 (1969) 1000. 
[18] M. G e l l - M a n n ,  H . J .  Oakes  and B. R e n n e t ,  Phys .  Rev.  175 (1968) 2195. 
[19] G. HShler  et  a l . ,  Z. Phys .  229 (1969) 217. 
[20] C. Love l ace ,  P ion  nuc leon  s c a t t e r i n g ,  ed. G. L. Shaw and D. Y. Young (Wiley,  
New York ,  1969), p. 27. 
